A cross-sectional study was carried out, between May and November 2011, to estimate the situation of the bovine brucellosis in São Paulo State, 10 years after the commencement of the vaccination of the heifers with the S19 strain. The State was divided into seven regions and in each of them, 300 farms with reproductive activity were randomly chosen and considered as primary sample units. A fixed number of cows was randomly selected and tested for antibodies against Brucella spp. A farm was considered infected if at least one female tested positive. In the selected farms, an epidemiological questionnaire was administered which focused on herd traits as well as husbandry and sanitary practices that could be associated with the risk of infection. The prevalence (percentile, [95% confidence interval]) of infected herds was 10.2% [8.8-11.8] [1.7-7.1] in the regions, not showing significant difference between regions. Again, there was no difference in the prevalence of positive animals after 10 years of the vaccination program. The risk factors (odds ratio, 95% confidence interval) associated with bovine brucellosis in the State included number of cows ≥ 24 (3.08, 2.22-4.27) and the acquisition of breeding animals (1.33, 0.95-1.87). The São Paulo State should conduct systematic vaccination coverage of above 80% of the eligible heifers with the S19 strain vaccine annually. Moreover, the State should emphatically use RB51 strain vaccine in females above 8 months of age not vaccinated with S19 strain vaccine. An efficient animal health education program to orientate farmers to test replacement animals for brucellosis prior to introduction in their herds should also be implemented. 
Introduction
Bovine brucellosis is a chronic zoonotic disease that causes economic losses in beef and milk production (ALVES et al., 2015) caused by Brucella abortus. Although the disease can also be transmitted by B. melitensis, this species has never been isolated in Brazil (POESTER et al., 2002) . The main symptom of the disease is abortion in the second half of gestation, whereby the bacteria are transmitted through the aborted products and vaginal discharges (PAULIN; FERREIRA NETO, 2003) . The disease is distributed worldwide, especially in poor countries (OIE, 2015) . It is usually endemic and widespread in large territories connected by commercial relations, especially animal trade (MIKOLON et al., 1998; DIAS et al., 2009b) .
In 2001, the Brazilian Ministry of Agriculture, Livestock and Food Supply (MAPA) launched the National Program for the Control and Eradication of Animal Brucellosis and Tuberculosis (PNCEBT), aiming for the reduction in the negative impacts of bovine brucellosis and tuberculosis on human health, and for the promotion of competitive practices in the national livestock industry (LAGE et al., 2006) .
The control measures of PNCEBT included compulsory vaccination against brucellosis in bovine and buffalo heifers aged between 3 and 8 months with the S19 vaccine throughout the country (excepting the state of Santa Catarina) and the voluntary certification of brucellosis-free farms (LAGE et al., 2006) . Most of these measures are paid by the farmers, such as the vaccination of heifers, diagnostic tests, and veterinary services. The official veterinary service is only responsible for auditing the entire system.
Along with the establishment of the PNCEBT, epidemiological surveys were conducted in Brazilian states using farms with reproductive activity as the primary sample units. The prevalence of brucellosisinfected herds varied from 0.32% in Santa Catarina to 41.5% in Mato Grosso do Sul (ALMEIDA et al., 2016; ALVES et al., 2009; AZEVEDO et al., 2009; BORBA et al., 2013; CHATE et al., 2009; CLEMENTINO et al., 2016; DIAS et al., 2009a DIAS et al., , 2009b GONÇALVES et al., 2009a GONÇALVES et al., , 2009b KLEIN-GUNNEWIEK et al., 2009; MARVULO et al., 2009; NEGREIROS et al., 2009; OGATA et al., 2009; ROCHA et al., 2009; SIKUSAWA et al., 2009; SILVA et al., 2009; VILLAR et al., 2009 ).
The states of Minas Gerais, Espirito Santo, Rondônia, Mato Grosso, Mato Grosso do Sul and Rio Grande do Sul carried out the second study on brucellosis prevalence. Of these, only in Mato Grosso, Mato Grosso do Sul, Minas Gerais and Rondônia a decreasing prevalence of infected herds was observed as a consequence of the vaccination program (BARDDAL et al., 2016; ANZAI et al., 2016; INLAMEA et al., 2016; LEAL FILHO et al., 2016; OLIVEIRA et al., 2016; SILVA et al., 2016) . The state of Santa Catarina, which had the lowest prevalence of infected herds and animals, and had, additionally, prohibited vaccination and started the implementation of eradication strategies, also conducted a second study that did not indicate changes to the prevalence of infected herds (BAUMGARTEN et al., 2016) .
In 2001, the São Paulo State reported an infected herd prevalence of 9.7% [95% CI, 7.8-11.6] and an animal-level prevalence of 3.8% [0.7-6.9] (DIAS et al., 2009b) . At the time, it was recommended that the State should organize an effective vaccination program using the S19 strain vaccine, in order to ensure vaccination coverage of eligible heifers of > 80% annually . Moreover, in order to help with the increase in the vaccination coverage, the State was encouraged to stimulate the vaccination of adult bovines with the RB51 strain The present study aimed to conduct a repeat of the epidemiological survey in the state of São Paulo, 10 years after the beginning of the compulsory vaccination of heifers against brucellosis, in order to verify the efficacy of the vaccination program, and allow for the management and adjustments of the animal health policy.
Material and Methods

Sample design
The present study was planned by the Brazilian Ministry of Agriculture, Livestock and Food Supply (MAPA), the Collaborator Centre in Animal Health of the School of Veterinary Medicine of the University of São Paulo (FMVZ-USP) and the Animal Health Service of the state of São Paulo (Coordenadoria de Defesa Agropecuária -CDA). The field work was performed by CDA staff from May to September, 2011, after being trained to standardize the procedures. The present work used the same methodology as that of a previous study, performed 10 years before (DIAS et al., 2009b) .
In order to characterize regional differences in epidemiological parameters of bovine brucellosis, the State was divided into seven regions, each of which, were considered for their livestock production systems, managing practice, herd size and trade systems. This division also considered the operational and logistical capacity of the CDA to perform the fieldwork, based on its 40 regional offices. A map of the regions was made in ArcGIS 10.0. software.
In each region, a cross sectional study was performed to estimate the herd and animal-level prevalence of bovine brucellosis prevalence using a two-stage sampling method. In the first stage, a pre-determined number of farms with reproductive activity was randomly selected (primary sampling units). In the second stage, a pre-determined number of females, above two years of age, was randomly selected (secondary sampling units). Owing to their similar susceptibility to Brucella abortus (APARICIO, 2013) , bovine and buffalo herds were also considered in the sampling. Moreover, both species were targeted in the official vaccination program. According to the Brazilian Ministry of Agriculture, the buffalo herd of Sao Paulo State was 74,925 or 0.7% of the bovine herd in 2011.
In farms where there were more than one individual herd, we have chosen the biggest, more economically important herd, in which the animals were subjected to the same management procedures, i.e. they were exposed to the same risk factors. The choice of the primary sampling units was based on the official farm registry database. If a selected farm could not be visited by CDA staff, a new one was randomly selected to replace it. The number of selected farms per region was estimated via a simple, random sample formula, proposed by Thrusfield (2007) and Noordhuizen et al. (1997) :
where N denotes the sample size, Z α is the normal distribution value for the confidence level of 95%, P is the expected prevalence (20%) and d is the absolute error (5%).
The choice of the secondary sampling units aimed for the appropriate classification of a farm as either positive or negative. To achieve this, we have considered herd sensitivity and specificity (DOHOO et al., 2003) . The values for sensitivity and specificity for the test protocol were 95% and 99.5%, respectively (FLETCHER et al., 1988) , and 20% for the expected prevalence. The calculations were made using the Herdacc version 3 and the selected sample size allowed for herd sensitivities and specificities greater than 90%. Thus, in farms with at least 99 females above two years of age, 10 animals were randomly sampled, and in farms with more than 99 females above two years of age, 15 animals were tested. If the selected herd was smaller than the required sample, all animals would be sampled.
A farm was considered positive when at least one animal was detected as positive.
Test protocol
The test protocol consisted of a screening procedure using the Rose Bengal test, followed by a retest of those with positive results via the complement fixation test, in accordance to Alton et al. (1988) . The samples were collected by CDA staff and the laboratory tests were performed at the Instituto Biológico de São Paulo.
The blood was collected through a jugular vein puncture with a sterile needle in a vacuum tube. Sera were stored in plastic microtubes, maintained at -20°C until testing.
Prevalence estimation
The sample design allowed us to determine herd and animal-level prevalence in the state of Sao Paulo and in the regions as well. The apparent prevalence and the respective confidence intervals for each region were estimated according to Dean et al. (1996) . All calculations were weighted (DOHOO et al., 2003) . The formula for the weight of each farm (W f ) factored into the calculation of the positive herd prevalence for the whole state was:
W f = number of farms in the region / number of sampled farms in the region
The weight of each bovine female above two years of age (W a ) in the calculation of animal-level prevalence in the whole state was: In the above expression, the first term refers to the weight of each sampled animal in the farm and the second term refers to the weight of each farm in the region.
The prevalence estimates with their respective 95% confidence intervals (95% CI) were calculated using EpiInfo 6.0 and SPSS version 9.0. The prevalence of the disease indicated in the 2001 and 2011 surveys were compared by the proportion comparison test, using SPSS 9.0 software.
Risk factor analysis
In each sampled farm, a questionnaire was administered in order to generate data about its managing practices. All information generated in the field and in the laboratory was inserted into a database.
In this cross sectional study, the risk factors that were assessed included: the production system (meat, milk, mixed), raising system (extensive, any degree of confinement), artificial insemination, cattle breeds, number of cows above two years of age, total herd size, presence of other domesticated species, presence of wild species, destination of the placenta and aborted fetuses, animal trade, vaccination against brucellosis, slaughter in the farm, pasture sharing, indirect contact between farms, flooded pastures, breeding paddock and veterinary assistance.
These variables were organized in accordance to increasing risk scale. If it was deemed necessary, the variables were re-categorized. The lowest risk category was always considered as the baseline for comparisons with the other categories. The quantitative variables were categorized using quartiles as cut points.
An exploratory univariate analysis using chisquare (χ 2 ) or the Fischer exact test was made with all variables, which considered the entirety of the state. Those which were below the significance level of 0.20 were selected for a multivariate analysis using logistic regression, accordingly to Hosmer and Lameshow (1989) . All calculations were made in SPSS 9.0 and EpiInfo 7.0 computer software.
In order to check for correlation between the variables, a Spearman correlation test was performed. In the scenario where two variables were correlated, the variable that was less associated with the dependent variable was excluded from the multivariate analysis.
Results and Discussion
The state of São Paulo was divided into seven regions (Figure 2 ), following the same manner as the study conducted in 2001 (DIAS et al., 2009b Moreover, there were no significant differences observed in the apparent prevalence of brucellosis positive herds between the farm enterprises (beef, mixed and dairy), and for each farm enterprise category between the regions (Table 2 ). This indicated that the disease was evenly distributed among beef, dairy and mixed farms within and between regions.
The apparent prevalence of brucellosis positive cows in the state of São Paulo was estimated at 2.4% [95% CI, 1.8-3.1], varying from 1.1% [95% CI, 0.6-2.0] in region 7 to 3.5% [95% CI, 1.7-7.1] in region 4, whereby no differences between the regions were observed (Table 3) In 2007, MAPA approved the use of the RB51 strain vaccine, which was recommended to heifers above 8 months of age that had not yet been vaccinated with the S19 strain between 3 to 8 months of age. This was an attempt to increase the herd vaccination coverage. In 2008, the vaccination distribution reached its peak, but in 2010, this was halted due to technical problems in the production methods. Currently, the distribution of the RB51 strain vaccine is marginal in the state of São Paulo. 24 (3.08, 2.22-4.27 ) and the acquisition of breeding animals (1.33, 0.95-1.87) ( Table 5 ). The association between the herd size and brucellosis has already been reported by many international authors (KELLAR et al., 1976; NICOLETTI, 1980; SALMAN; MEYER, 1984) , and also in the Brazilian states of Mato Grosso, Mato Grosso do Sul, Rio de Janeiro, Sergipe, Tocantins and in the previous study carried out in São Paulo in 2001 (NEGREIROS et al., 2009 CHATE et al., 2009; KLEIN-GUNNEWIEK et al., 2009; SILVA et al., 2009; OGATA et al., 2009; DIAS et al., 2009b) . Characteristics such as a higher frequency of animal replacement, and a greater difficulty in implementing disease control strategies, in addition to the dynamics of the disease itself, may all be attributable to the biggest herds that facilitate brucellosis transmission (CRAWFORD et al., 1990) . Christie (1969) observed that an increased herd size resulted in an increased probability of occurrence, infection persistence and an increased difficulty in eradicating the disease. Therefore, a larger herd size was associated with an increased risk of brucellosis introduction, in addition to a higher probability for intra-herd dissemination.
The purchase of infected animals is largely reported as the main risk factor for the introduction of brucellosis into free herds ( VAN WAVERN, 1960; NICOLETTI, 1980) . Regarding this variable, some factors may act independently or in combination, such as purchase frequency, origin of animals and serological tests for brucellosis (CRAWFORD et al., 1990) . Kellar et al. (1976) reported that infected herds acquired more replacement animals than free ones. In Brazil, this variable also emerged as a risk factor for brucellosis in the states of Bahia, Goias, Minas Gerais, Paraná and in a previous study carried out in São Paulo in 2001 (ALVES et al., 2009 ROCHA et al., 2009; GONÇALVES et al., 2009a; DIAS et al., 2009a; KLEIN-GUNNEWIEK et al., 2009; DIAS et al., 2009b) . The real problem is not in the introduction of animals, which is routine in cattle herds, but rather, in the acquisition of animals without testing or without knowledge of the health status of the farm of origin.
Conclusion
São Paulo State should aim for systematic vaccination coverage of > 80% of the eligible heifers with the S19 strain vaccine annually. Moreover, the State should use the RB51 strain vaccine in females above 8 months of age not vaccinated with the S19 strain vaccine in order to accelerates the reduction of the disease prevalence, as described by . An efficient animal health education program to orientate farmers to test replacement animals for bovine brucellosis prior to introduction into their herds should also be implemented.
